THE CHI SQUARE TEST OF GOODNESS OF FIT: EXACT CRITICAL VALUES FOR THE CASE OF EQUIPROBABLE ALTERNATIVES
When n independent observations are distributed over k mutually exclusive and exhaustive categories, the chi square criterion, given by k ( ni . npi)
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is frequently used as a measure of the goodness of fit of observed frequencies, nj, to expected frequencies, npj. In the special case considered here, the population category probabilities are assumed to be equal, pj = 1/k (i s 1, 2 k). The purpose of this paper is to present a table of exact critical values of \^ and compare the exact test with its more familiar continuous approximation. Table 1 were extracted from recently prepared tables of exact cumulative sampling probabilities produced by computer expansion of a generating function [3] . While it is possible to obtain the required sampling distributions by hand, the computations are very lengthy even when n and k are relatively small: the 196 tables of cumulative sampling probabilities from which Table 1 To test an hypothesis of equal category probabilities. Table 1 is entered at a, n, and k. If the observed value of the criterion (1) is 1 equal to or greater than the value tabulated, the hypothesis may be rejected at or beyond the level specified by a. Because the exact sampling distribution of x is discrete and rather irregular with respect to both x and its sampling probabilities, Table 1 gives the smallest obtainable value of x with a cumulative probability of 1 -a or more.
As an example, suppose that n ■ 5 observations are distributed over k s 10 categories and the value of x 2 is found to be 29. 0000. To test the hypothesis that the sample came from a population with equal category probabilities, pj = 1/10 (i =. 1, 2, ..... 10), enter Table 1 at n s 5, k s 10, and a s . 05, say. The critical value is found to be 21. 0000, and since this is less than the observed value of 29. 0000, the hypothesis may be rejected. The observed value is also significant at the . 005 level. Notice that the exact test does not require that expected frequencies, n/k, be greater than some minimum -usually 5. In the present example they are equal to . 5. Thus, the problems of pooling categories or discarding data do not arise. Table 2 gives the exact significance levels of the corresponding entries in Table 1 at the nominal . 050 level. All of the actual significance levels are less than .050, but some are substantially less, e. g. , n = 4, k = 8. The average exact value of a is . 0316, so that the exact test is somewhat conservative. Table 3 has been prepared in order to make certain comparisons between the exact test of Table 1 and the standard x^ distribution. The entries in Table 3 are the exact significance levels of the smallest observable values of x^ which yield significance at the . 050 level using the continuous approximation. In other words, these entries are the true significance levels operating when the standard test is used with a = .050. If all the entries in Table 3 were equal to the corresponding entries in Table 2 , the two tests would be equivalent with respect to Type 1 errors over the range of n and k covered.
A comparison of Tables 2 and 3 will show that this is not generally the case. Two entries in Table 3 (n = 12, k = 7; n = 15, k = 5) are less than the corresponding entries in T ble 2, 141 are equal (including the blanks where no obtainable value of x yields significance), and 53 (underlined) entries in Table 3 exceed . 050. While the average true significance level for the approximate test is .0431, in 53 cases significance will be claimed at the . 050 level when the true value of a is greater than . 050. Unfortunately, these 53 cases are scattered rather uniformly over the table so that no simple rule involving n and k can insure a conservative test using the approximation. However, 
